I AS 



1 A 



D^R NO .: 424 8 

USW: 09/996,521 
FILED: 11/28/01 
ART UNIT: 2817, CONF.#3542 
SUBSTITUTE SPECIFICATION 



Method for tuning a PLL circuit 



OR 



OPVAC , ,. 

r ' RS 



BACKGROUND ' 

Field of the invention 
5 The present invention relates to a method for tuning a PLL circuit according to 
the preamble of patent claim 1. 



Description of the related technology 

PLL circuits are used for the phase-locked coupling between a useful frequency 

10 and a reference frequency, in general, they are fully integrated except for a 
few externa! components such as coils and capacitors. The sending and 
receiving units ror wiieiebb lui mi mui iiLduui i, m uic mciu ui muuiit 1.^1^' 
for example, are an important area of application for PLL circuits, in general, 
PLL circuits consist of a phase detector, which compares the frequency or 

15 phase of an oscillator with the frequency or phase of a useful signal and 
supplies pulse-width modulated current pulses at the output, a loop filter, 
which converts the current pulses of the phase detector into a direct voltage, 
a voltage controlled oscillator, whose frequency is changed by the direct 
voltage of the loop filter. Various types of control mechanisms are used, 

20 depending upon the area of application of the PLL circuit. A particularly 
frequent type is that in which the oscillator increases its frequency as the 
voltage at the loop filter increases until the phase difference between the 
oscillator frequency and the useful frequency at the input of the phase detect- 
or becomes minimal. There is then a phase-iocked coupiing between the oscii- 

25 lator frequency and the useful frequency, and the PLL circuit is locked in. 

in the methods known to tne state of the art, for example that presented by 
T. Yamawaki et al, "A 2.7V GSM rf Transceiver ic, IEEE Journal of Solid-State- 
Circuits vol. 32, No. 12, Dec. 1997 and "Hitachi semiconductors, Datasheet 
30 HD1 55121 F, RF Transceiver IC for GSM and PCS", a constant offset current source 
is installed which charges the loop filter up to a maximum voltage during the 
predetermined period of time, also known as the time slot. Provided that the 
PLL circuit does not lock in within this period, the loop filter is completely 
discharged by means of 3 reset switch The disadvantage of the previous 
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method is that the FLL circuit has a dead time during the reset phase during 
which signal processing cannot take place. This becomes disturbingly 
noticeable in the case of signai processing in tne range up to severai GHz. 

5 Summary of the invention 

The object of the present invention is to provide a method with which signal 
detection can be performed with a pll circuit without dead times. A further 
object of the invention is to specify a circuit arrangement for implementing 
the method which can be easily and economically manufactured. 

10 

The first mentioned object is solved by the features of patent ciaim 1, the 

r-^i. ,<-;,->,-, c^r-r^nri monrinnoH nhiprf k (hnwn in fPaflirP^ <~>f Patent Claim 

OUIUIIUI I t-V_/ Lilt- Ji^^WII^ llHwli»_iv>iiw« w w . - - - - 

9. Favorable embodiments are the objects of the subclaims. 

15 Accordingly, the essence of the invention lies in changing the control voltage 
of an oscillator in a PLL circuit bi-directionally within a defined voltage interval 
during the signal detection until the pll circuit locks in. For this, a pll circuit, 
in which the output frequency of an oscillator is determined by a phase 
detector Py means of a loop filter generated control voltage, compares the 

20 output frequency of the oscillator in the phase detector with the desired 
frequency, and in a first operating mode the control voltage of the oscillator, 
starting from a lower threshold value, increases until its output frequency 
matches the desired frequency, or the control voitage, upon reaching an 

,,„„ ar - t-^rocholH w-iitie ;ri i csmnH nnpnrinn mnrio rtorrpacp? Ijnfii thp OUtDUt 
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25 frequency matches the desired frequency or switches back into the first 
operating mode upon reaching the lower threshold value. 

The advantages of the new method compared witn tne previous state of the 
art are that a dead time in the pll circuit, caused by the discharge of the loop 

30 filter, is avoided within the reset phase and the signal processing is 
significantly accelerated, especially at high frequencies. As the voltage of the 
loop filter, as a control voltage, determines the output frequency of the 
oscillator, it is advantageous to adjust the voltage interval between the lower 
and upper threshold values to the dynamic range (frequency range) of the 

35 voltage controlled oscillator, whereby the voltage range in the range of the 
digital signal processing spans about 3 volts, for example. Moreover, it is 
advantageous to store the current operating mode of the PLL circuit in order 
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to determine the direc:icn of the voltage change when the operating mode 
changes 

in a development of the method, the control voltage is changed by means of a 
5 current source or a current sink which are alternately linked to the loop filter 
by means of a switching element, in so doing the currents of trie current 
source or the current sink overlay the pulse-width modulated currents of the 
chase detector, in the first operating mode, the loop filter, which comprises 
an RC combination for example, is charged by the current source, so that the 

10 freouency of the oscillator is increased at the output or tne loop filter at 
which the control voltage is available, and the voltage at the loop filter is 
increased if the FLL circuit dees not icck in. The control unit compares, by 
means of a comparator for example, the control voltage of the oscillator with 
the defined upper limiting value of the control voltage and separates the 

15 current source from the loop niter when the limiting value is reached, in the 
second operating mode, the control unit links the loop filter to the current 
sink until the lower limiting value of the control voltage is reached. This 
procedure is continued until the PLL circuit iocks in and the current source or 
the current sink is separated, and the control voltage of the oscillator remains 

ZG constant and is determined exclusively by the current signals of the phase 
detector. The advantage of current sources is that the high impedance outlets 
make the output currents independent of the voltage amplitude of the loop 
filter. .Moreover, it is advantageous compared to the previous state of the art 
if the currents of the current source and current sink are equal and opposite 

15 and temporally constant. This makes the sensitivity and the speed of locking in 
of the PLL circuit independent of the direction of change of the control 
voltage and the operating mode. 

in a development of the method, the current of the current source or the 
;c current of the current sink is compensated by the current of the phase 

detector if the desired frequency matches the useful frequency, that is in tne 
ccked-m state, in this way, the control voltage of the oscillator remains 

constant without the current sink or current source having to be separated by 

means of the switching element. The advantage here is that no switching 
•5 voltages occur at the time when the pll circuit has a particularly high 

sensitivity Moreover faster lock:ng-m is possible in the next search procedure, 




particularly if trie new frequency cn!y differs slightly from "he old frequency 
as the last voltage value Is used as the starting point. 

In another development of the method, the control voltage is modulated by a 
5 temporally variable current from the phase detector provided that the output 
frequency of the oscillator dees net match the desired frequency, while the 
frequency of the current fails as the difference .between the output frequency 
and the desired frequency decreases it is particularly advantageous here if the 
amplitude of the current of the chase detector is larger than the current cf 
12 the current source cr the current cf the current sink in another develocmert 
of the method, in addition to tee frequency, the amplitude of the current, 
which is supplied by the phase detector, is also changed by the phase 
detector, by means of reducing the amplitude as the difference between the 
output frequency and the desired frequency becomes greater. 

15 

in another development of the method, the modulation frequency of the 
current of the phase detector is selected so that, in the case of a large 
difference between the desired frequency and the oscillator frequency, the 
low pass characteristic cf the Iccc filter strongly damps the modulation 
20 amplitude cf the control voltage, "he PLL circuit is thus insensitive when there 
are large frequency differences at the input cf the phase detector, and the 
control voltage at the csciliatcr is still relatively quickly raised or lowered as 
the current of tne current source cr the current cf the current sink is not yet 
compensated by the current of the chase detector. 

The present, new circuit arrangement can cc used in an advantageous manner 
for implementing the method according to the invention, it creates a tuning 
circuit for supplying an offset cu"ent for a PL- circuit arrangement with the 
following features: a ccntrci unit v-mich compares a control voltage available 

2C at the oscillator c Ocp -iiter voltage with a lcwe r threshold value and with an 
upper threshold value, and cepenolng on the comparison, in a first operating 
mode links the incut of a Icoc filter - to cr separates it from a current source by 
means of a switching element, and in a second operating mode links the loop 
filter to or separates it from a cur-ent sink, and stores the current operating 

35 mode in a memcr/ unit. 



The advantage of the tuning circuit in respect of the second named ooject of 
the present invention compared with the state of the art lies in the fact that 
the circuit arrangement enables the PLL circuit to lock in very quickly because 
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5 and enables the use of very high frequencies in the range of several GHz. This 
is an important factor for use in the field of mobile radio. 

Brief description of the figures 

The method according to the invention is described in the following by means 
10 of an embodiment in conjunction with the drawings. They show: 

Fig. 1 an embodiment of a PLL circuit arrangement with integrated tuning 
unit,, and 

Fig. 2 the voltage curve at the loco filter against time for the case when the 
15 PLL circuit arrangement dees not lock in, and 

Fig. 3 the voltage cunye at the loco filter against time for the case when the 
PLL circuit arrangement locks in. 

Description of the preferred embodiments 

20 The object of the PLL circuit arrangement 1CO shown in fig. 1 is to change the 
frequency fo of an oscillator vco by a bi-directionai change of the control 
voltage VC within a defined interval until its frequency FO matches the desired 
frequency FR and the PLL circuit arrangement 100 locks in. For this purpose, 
the PLL circuit arrangement 1CC has an input 110 at which the desired 

25 frequency fr from a previous switching stage (not shown) is available, a first 
output node 120, at which the oscillator frequency FO is available for a 
subsequent switching stage (not shown), and a second output 130, at which it 
is indicated by means of a lock-in signal LD of a subsequent switching stage 
(not shown) that the PLL circuit arrangement 100 has locked in. 

30 

The input 110 is linked to a first input of a phase detector PD within the PLL 
circuit arrangement 1C0. Moreover, tne phase detector PD has a second input 
which is linked to a node 120 at which the frequency FO of the output of a 
voltage controlled oscillator VCO is available, a first output which is linked to 
35 the node 140 and a second output, at which the lock-in signal LD is available, 
which is linked to the second output 130 of the PLL circuit arrangement 100. 
The frequency FO of the oscillator vco may be adjusted by, for example, a 



divider or mixer (neither is snowm if me difference between tne frequencies 
available at the first and second inputs of the phase detector pd is too great, 
in addition, the output of a switching element E is still linked to the node 140. 
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filter SF. Furthermore, the output of the control unit ST is wired to a first 
input of the switching element e. Apart from that, in the case of switching 
element E, a second input 150 is linked to a current source IQ and a third input 
160 is linked to a current sink is. Moreover, the input of the loop filter SF is 

wired to the node 140, whereby the output of the loop filter SF, at which the 
control voltage VC is available, is linked to the input of the voltage controlled 
oscillator vco. 



The following describes the principle of operation of the PLL circuit 
arrangement 100, which automatically changes the control voltage VC for the 

15 voltage controlled oscillator vco bi-directionally within a voltage interval 
defined by the control unit ST until the oscillator frequency FO matches the 
desired frequency FR, i.e. the PLL circuit has locked in. In the locked in state, 
the PLL circuit arrangement 100 shows, by means of the signal LD of a 
subsequent switching stage (not shown), that the signal FO available at the 

20 output node 120 is valid. 



if the PLL circuit arrangement 100 has not locked in, the loop filter SF, which 
comprises an RC combination for example, is charged or discharged with the 
pulse-width modulated current of the phase detector PD and the current of 

25 the current source iQ or the current sink IS. in which case the modulation 
frequency of the current of the phase detector PD is proportional to the 
frequency difference between the oscillator frequency FO and the input 
frequency fr. The resulting voltage at the ioop fiiter SF is available at the 
second output of the loop filter SF as control voltage VC and thus determines 

30 the frequency FO of the oscillator VCO. The control unit ST, which contains a 
comparator for example, monitors the voltage at the loop filter SF and 
switches into a first operating mode when the lower limiting value of the 
control voltage VC is reached, and into a second operating mode when the 
upper limiting value of the control voltage VC is reached. If the control unit 

35 ST has a memory unit in addition to the comparator, then the current 
operating mode of the PLL circuit arrangement 100 can be stored and used 
as the starting point for changing the operating mode. 
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i n rhe first operating moae. the con era i unit ST links the current source !G, 
whic^ suppiies a constant current for example, to the node 140 by means of 
trie switching element 5. The control voltage vc and the output frequency FO 
5 of the oscillator VCO thereby increase until the control unit ST, which 
compares the voltage value of the loop filter SF with a defined upper limiting 
value, separates the current source iQ from the node 140 again by means of 
the switching element E when the uccer limiting value is reached. 

io in the second operating mode, tne control unit st links the current sink 15, 
whose current corresponds to the current of the current source IQ for 
example, to the node 140 by means of the switching element E. The control 
voltage VC and the output frequency FO of the oscillator VCO thereby fall until 
the control unit ST, which compares the voltage value of the loop filter sf with 

15 a defined lower limiting value, separates the current sink is from the node 140 
again bv means of the switching element E when the lower limiting value is 
reached. 

Figure 2 shows the temporal course of the voltage at the loop fiiter sf for 

20 both operating states. The amplitude of the voltage at the loop filter SF or the 
control voltage of the oscillator vec is plotted here on the Y axis, whereby the 
interval within which the control voltage is changed ,s defined by a lower 
threshold value Wl and an. upper threshold value W2. Moreover the X-axis is 
the time axis. Starting at the lower threshold value W1, the voltage Is 

25 continually increased in the first ccerating state by the current source ig 
supplying a constant current to the loop filter SF. When the voltage at the 
loop fiiter SF reaches the upper limiting value W2, the control unit ST switches 
from the first into the second operating state and the voltage at the loop 
filter SF is continuously lowered down to tne lower limiting value wi by the 

30 constant current of the current s.nk IS, the amplitude of which current 
corresponds to that of the current source IG. as the two currents in the 
example shown are equal and opposite, the slope of the ascending limb in the 
figure corresponds to that of the descending limb. Apart from the example 
shown of temporally constant currents, temporal relations as wen as 

35 differences between the two currents of the current source IQ and the current 
sink IS can be set 



The temporal course of trie voltage at the loop filter SF is shewn in figure 3 for 
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of the voltage at the loop filter SF cr of the control voltage, while the axis 
designations correspond to these of figure 2. Moreover, in the emPodiment 
5 shown, the current of the prase detector PD in the locked in state 
compensates the current from the current source 10 or from the current sink 
IS. in this way, no switching voltages occur during the lock-in process when the 
FLL circuit arrangement 1CC has a particularly high sensitivity Furthermore, a 
lock-in process is shewn in the figure for each operating mode, where branch 
M a corresponos to the first operating state, in which the voltage at the leep 
filter SF, starting from the lower threshold value W1, is successively increased 
and branch b represents the secend operating state, in which the voltage at 
the loop filter SF, starting from the upper threshold value W2, falls until it 
reaches the lock-in point. The same leck-in voltages were selected for both 
15 branches for reasons of clarity. The voltage at the loop filter SF is increased by 
the constant current of the current source IQ, while a high-frequency 
modulation voltage, whose frequency is proportional to the frequency 
difference present at the input cf the phase detector fd. is superimposed by 
the modulated current from the phase detector fd. As, in the example shown, 
2C the difference between the frequency FO of the oscillator and the desired 
frequency FR at the input cf the phase detector FD is still very large at the 
start of the search, it supplies a high-frequency modulation current whose 
amplitude is strongly damped by a set limiting frequency of the iocp filter SF. 
The less the difference between the frequencies available at the input of the 
25 phase detector FD, the less the modulation frequency also becomes and thus 
the damping by the lew pass characteristic cf the loop filter SF. If the 
difference between the desired frequency c ? and the oscillator frequency fo 
is small, the phase detector fd reduces the frequency of the modulation 
voltage and at the same time substantially increases the amplitude cf the 
ic modulation voltage, while the current frcm the phase detector PD 
compensates the censtant current of the current source IG or current sink is at 
the lock-in point of the FLL circuit, in the case of the pnase-iccked coupling, 
the voltage at the leep filter SF , ; s thus heid constant and the FLL circuit 
remains locked in. 
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